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ANNUAL  REPORT  FOR  CONTRACT  NUMBER  DAMD17-96-C-6126 
Project  Period  September  27,  1997  -  September  26,  1998 


Principal  Investigator:  Nola  Hylton,  Ph.D.,  University  of  California,  San  Francisco 


Grant  Title: 


Signal  Enhancement  Ratios  fSERsl  in  Breast  Carcinomas  Measured  by  3D 
Contrast-MRI  and  Verified  bv  Histopathology 


INTRODUCTION 

Our  work  in  breast  MRI  has  focused  on  an  imaging  technique,  the  triple  acquisition  rapid  gradient  echo 
technique  (TARGET),  and  signal  enhancement  ratio  (SER)  analysis  method,  directed  toward  defining 
the  extent  of  malignant  lesions  in  patients  with  confirmed  breast  carcinoma.  We  developed  a  3-point 
contrast-MRI  method  to  maximize  anatomic  (sensitivity)  and  biologic  (specificity)  information  in  a  single 
exam.  Previously  reported  methods  have  relied  on  separate  imaging  strategies  for  maximizing  sensitivity 
and  specificity*'^^  .TARGET  acquires  one  data  set  at  baseline  (pre-contrastX  one  early  post-contrast, 
Sp  and  one  late  post-contrast,  Sj.  The  SER  index,  defined  as  (Sj  -  S^)  /  (S2-  S,,),  compares  early  to  late 
enhancement:  SER  values  less  than  one  indicate  breast  tissue  that  enhances  gradually;  SER  values  equal 
to  one  indicate  breast  tissue  enhancement  that  is  stable  between  the  early  and  late  post-contrast  time 


points;  SER  values  neater  than  one  indicate  breast  tissue  demonstrating  uptake  with  contrast  washout  by 
the  late  time  point*^'°^.  In  the  preliminary  data  provided  in  our  original  grant  application,  we  presented 
results  in  a  group  of  25  patients  with  pathology  confirmation.  MRI  correctly  identified  carcinoma  in 
21/25  cases  using  a  two-point  comparison  only:  percent  enhancement  (PE)  =  (Sj-  Sq)/  Sq  >  80%.  The 
one  false  positive  was  resolved  when  SER>1.2  was  used  as  an  additional  criteria  for  malignancy.  Of 
particular  interest,  these  preliminary  studies  also  suggested  a  relationship  between  SER  value  and  tumor 


grade  in  the  group  of  18  invasive  carcinomas. 


The  focus  of  this  grant  has  been  to  verify  these  findings  in  a  larger  population  of  patients  with  confirmed 
breast  carcinoma,  and  investigate  the  potential  of  SER  as  a  non-invasive  prognostic  marker. 


BODY 

Experimental  Methods.  Assumptions  and  Procedures:  50  women  subjects  per  year  are  enrolled  in  this 
research  protocol  and  receive  one  breast  MRI  exam  prior  to  undergoing  surgery.  Study  eligibility  include 
women  with  a  confirmed  breast  carcinoma  on  the  basis  of  fine  needle  aspiration  (FNA),  core  biopsy, 
excisional  biopsy,  or  lumpectomy  with  positive  margins.  The  MRI  procedure  is  performed  on  a  General 
Electric  1.5  Tesla  SIGN  A  scanner  using  a  bilateral  phased-array  breast  radiofrequency  coil.  The  imaging 
exam  consists  of  a  bilateral,  axial  Tl-weighted,  spin  echo  localization  scan,  a  sagittal,  fat-suppressed  T2- 
weighted  fast  spin  echo  scan  of  the  symptomatic  breast  only,  and  a  contrast-enhanced  TARGET  series  of 
the  symptomatic  breast  only,  using  a  3D  fat-suppressed,  fast  gradient  echo  technique:  TR  =  11  ms,  TE  = 
4.2  ms,  20  degree  flip  angle,  256  x  192  imaging  matrix,  16-18  cm  field  of  view,  60  sections,  2  NEX 
and  no  phase  wrap  option.  The  scan  time  for  each  data  acquisition  is  5.4  minutes,  resulting  in  a  three- 
point  temporal  sampling  of  0, 2.7  and  8.1  minutes.  Gadolinium-DTPA  is  administered  intravenously 
through  an  indwelling  catheter  at  a  dose  of  0.1  mmol/kg  body  weight,  following  the  first  scan  of  the 


TARGET  series. 


Software  and  hardware  upgrades  to  our  General  Electric  Signa  scanner  have  allowed  us  to  decrease  the 
TR  of  the  3D  pulse  sequence  to  8.7  ms,  maintaining  all  other  parameters  constant.  The  resulting  scan 
time  is  5:00  minutes,  resulting  in  a  new  temporal  sampling  of  0, 2.5  and  7.5  minutes.  This  change  was 
made  in  August  1998,  following  the  accrual  of  178  patients.  We  intend  to  compare  the  performance  in 
the  two  subsets  of  patients  scanned  before  and  after  the  change  in  temporal  resolution. 
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Following  each  patient  exam,  MRI  image  data  are  transferred  off-line  to  a  UNIX  workstation  for 
processing  and  analysis.  Maximum  intensity  projections  and  region-of-interest  calculations  are 
performed  to  measure  peak  PE  and  SER  values  in  the  area  of  suspicion  based  upon  the  patient’s  reason 
for  referral.  Additional  areas  of  suspicion  and  incidental  MRI  findings  are  also  characterized. 

Tissue  tracking  and  histopathology  correlation  procedures  were  developed  in  Year  I  and  continue  to  be 
used  in  this  study. 

Results  and  Discussion:  We  have  accrued  an  additional  63  patients  into  our  study.  Our  combined  patient 
database  now  has  over  300  patient  entries,  including  the  patients  generated  from  this  study.  We 
performed  a  study  to  evaluate  the  value  of  low  temporal  resolution  kinetic  information  gained  by  the 
three-time  point  method  of  data  acquisition.  We  compared  a  two-point  method  considering  PE  only  to  a 
three-point  method  combining  PE  and  SER  thresholds,  for  sensitivity  and  specificity.  Thresholds  were 
separately  optimized  in  each  case  using  receiver  operating  characteristic  (ROC)  curve  analysis  and 
requiring  a  minimum  sensitivity  of  95%.  A  specificity  increase  from  42  to  67%  was  found  using  the 
three-point  method,  in  comparison  to  the  two-point  method.  These  results  will  be  presented  at  the  RSNA 
in  December  1998  and  have  been  submitted  for  pubhcation*^. 

We  evaluated  the  correlation  of  SER  value  and  grade,  and  SER  value  and  microvessel  density  (MVD)  in 
a  group  of  57  patients  with  confirmed  carcinoma  and  subsequent  surgical  pathology  confirmation.  SER 
correlation  with  microvessel  density  counts  (by  CD  34  staining)  was  highly  significant,  r  =  0.62 
(p<0.002).  The  correlation  between  SER  and  grade  (by  SBR  number)  was  r  =  0.59  (p<0.004).  SER 
increased  with  the  grade  of  tumor,  showing  greatest  separation  between  tumors  of  grade  2  and  3.  These 
results  have  been  accepted  for  publication”. 

In  an  evaluation  of  staging  accuracy,  tumor  extent  was  measured  on  MRI  and  mammography  and  their 
concordance  with  pathology  was  compared.  In  a  group  of  45  patients  with  carcinoma  and  MRI  and 
mammography  taken  at  comparable  times,  carcinoma  was  correctly  identified  by  MRI  in  98%  of  cases, 
versus  84%  for  mammography.  True  anatomic  extent  was  correctly  identified  much  more  often  with 
MRI  than  with  manunography  (96%  vs.  44%),  with  the  greatest  value  in  cases  of  multi-focal  disease, 
ductal  carcinoma  in  situ  (DCIS),  or  invasive  carcinoma  with  an  extensive  intraductal  component  (EIC) 

In  our  Statement  of  Work,  we  estimated  that  Tasks  4-5  under  Specific  Aim  1  would  be  accomplished 
during  Year  2,  and  Task  2  under  Specific  Aim  2  would  be  partially  underway.  These  tasks  were  as 
follows: 

SPECIFIC  AIM  1  (Determine  the  histologic  basis  for  interpreting  SER  patterns) 

Task  4:  Assess  registration  accuracy  in  patients  studies  to  date.  Realilgn  and  reevaluate  SER  results  as 
needed. 

Task  5:  Analyze  SER/grade  and  SER  vessel  count  data;  Use  results  to  reclassify  SER  ranges  for 
improved  segmentation.  Perform  restrospective  analysis  of  studies  to  date. 

SPECIFIC  AIM  2  (Investigate  the  possible  prognostic  value  of  SER  characteristics) 

Task  2:  Develop  software  to  facilitate  SER  analysis  and  generation  of  illustrations  and  reports  for  pre- 
surgical  review. 

We  had  made  substantial  progress  in  each  of  these  areas.  Specific  accomplishments  during  the 
second  year  have  been: 

•  We  have  advanced  our  image  analysis  capabilities  by  developing  a  minimally-supervised  algorithm 
for  tumor  analysis.  Input  from  the  user  involves  placing  two  regions  of  interest  enclosing  the 
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areas  of  suspicion  on  orthogonal  projection  views  generated  by  maximum  intensity  projection  of 
the  contrast-enhanced  data.  The  software  program  analyzes  the  defined  volume  to  generate  tumor 
volume  calculations,  mean  peak  percent  enhancement  (PE)  and  signal  enhancement  ratio  (SER) 
values,  and  segmented  tumor  volumes  by  SER  ranges.  In  a  comparison  of  57  cases  including  a 
range  of  pathologies,  equivalent  sensitivity  and  specificity  were  measured  by  the  manual  and  semi- 
automated  methods,  with  a  time  reduction  of  approximately  45  minutes  using  the  manual  method, 
to  5  minutes  for  the  semi-automated  method.  One  limitation  of  the  semi-automated  method  is  the 
requirement  that  the  data  be  registered.  We  have  found  patient  coaching,  prior  to  the  exam  to  be 
very  successful  in  avoiding  patient  motion.  The  goal  of  this  work  has  been  to  provide  an  efficient 
and  accurate  method  for  image  analysis  and  data  reduction.  An  abstract  and  paper  proceeding  will 
be  presented  at  the  ‘Medicine  Meets  Virtual  Reality:  7  meeting  to  be  held  January  20-23, 1999  in 
San  Francisco,  CA^^. 


•  In  seventeen  patients  undergoing  MRI  exams  before  and  after  neoadjuvant  chemotherapy,  semi¬ 
automatic  analysis  was  used  to  measure  changes  in  tumor  volume  and  SER.  Stratifying  patients  by 
the  percent  change  in  volume  by  MRI,  we  have  found  that  in  all  cases  of  tumor  reduction  of  75%  or 
more,  there  was  an  associated  reduction  in  SER,  with  an  average  reduction  of  31%.  In  the  range  of 
25%  to  75%  volume  reduction,  70%  of  patients  showed  an  SER  reduction,  however  30%  showed 
an  increase.  Only  one  patient  was  found  to  have  a  volume  reduction  of  less  than  25%,  and  showed 
an  SER  decrease  of  13%.  These  data  are  preliminary  and  the  study  is  ongoing.  We  are  also  now 
evaluating  patients  following  a  single  cycle  of  chemotherapy  to  evaluate  whether  there  is  an  early 
predictive  value  of  SER  response.  Follow-up  will  be  required  to  determine  if  an  association  exists 
between  MRI  measurements  of  volume  and  SER  response  and  the  likelihood  of  recurrence  in  this 
population. 

•  In  a  subset  of  128  patients,  we  have  demonstrated  a  specificity  improvement  of  25%  over 
conventional  high  resolution  techniques,  using  the  three  time  point  method  that  we  have  developed. 
These  results  will  be  presented  at  the  RSNA  in  December  1998  and  have  been  submitted  for 
publication^^. 

•  Results  describing  the  correlation  of  tumor  SER  and  microvessel  density  were  accepted  for 
publication^^. 

•  Results  describing  comparing  the  staging  accuracy  of  MRI  and  mammography  were  accepted  for 
publication^*. 


CONCLUSIONS 


Our  overall  objective  has  been  to  develop  and  characterize  a  high  resolution  contrast-enhanced  MRI 
technique  that  can  be  used  with  both  high  diajgnostic  and  staging  accuracy  in  evaluating  the  breast.  Both 
the  data  acquisition  and  image  analysis  techniques  are  straightforward.  We  have  aimed  to  reduce  the 
computational  complexity  of  this  technique  and  to  develop  automated  algorithms  for  analysis  that  can 
reduce  inter-  and  intra-observer  variability  in  making  diagnostic  and  staging  assessments.  Our 
performance  assessments  to  date  show  that  this  method  performs  with  improved  specificity  in 
comparison  to  other  ‘static’  high  resolution  contrast-enhanced  techniques  of  the  breast,  and  approaches 
or  exceeds  specificity  values  reported  with  dynamic  imaging  techniques.  Our  staging  results  also  suggest 
that  MRI  may  be  cost-effective  when  used  pre-surgically. 
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